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vlf-1Homologs of Autographa californica nucleopolyhedrovirus ORF43 (Ac43) are found in all group I and most
group II NPVs, but their functions remain unknown. In BombyxmoriNPV (BmNPV)-infected BmN cells, Bm34, a
BmNPV homolog of Ac43, is expressed as a late gene and its product is localized in the nucleus. To examine the
role of Bm34 during BmNPV infection, we constructed a Bm34 deletionmutant (BmORF34D) and characterized
its infectivity in BmN cells and B. mori larvae. BmORF34D produced far fewer occlusion bodies (OBs) in BmN
cells as compared with wild-type BmNPV. This reduction is assumed to be mainly due to the transcriptional
down-regulation of two genes, very late expression factor (vlf-1) and few polyhedra (fp25K), both of which are
required for efﬁcient polyhedrin expression. Larval bioassays also revealed that Bm34 accelerates death of B.
mori larvae. These results suggest that Bm34 is required for efﬁcient late and very late gene expression.
© 2009 Elsevier Inc. All rights reserved.Introduction
The family Baculoviridae is a large family of pathogens that infect
arthropods, particularly insects of the order Lepidoptera but also from
the orders Diptera, and Hymenoptera. Nucleopolyhedroviruses
(NPVs), a genus of Baculoviridae, have a large circular, supercoiled,
and double-stranded DNA genome packaged into rod-shaped virions.
NPVs produce two types of virions during the infection cycle, to bring
about efﬁcient viral replication within infected insect larvae and to
spread the virus from one insect to another. Occlusion-derived viruses
(ODVs), which are contained in occlusion bodies (OBs), transmit virus
from insect to insect via oral infection, whereas budded viruses (BVs)
spread infection to neighboring cells (Granados and Lawler, 1981;
Keddie et al., 1989). The end of infection is marked by a dramatic
degradation (or melting) of the host cadaver.
The baculovirus expression vector system (BEVS) is widely used for
recombinant protein production. In BEVS, a strong promoter of the poly-
hedrin gene (polh) is a key factor for the expression of a huge amount of
foreign proteins in insect cultured cells or larvae. Two major genes, very
late expression factor 1 (vlf-1) and fewpolyhedra (fp25K), havebeen shown
to be involved in polh expression. During the ﬁnal, occlusion-speciﬁc
phaseof infection,VLF-1 activates the transcriptionof twovery late genes,
polh and p10 (Yang and Miller, 1999), whereas FP25K is required fortsuma).
l rights reserved.efﬁcient expression of polh but not p10 (Harrison et al., 1996). Although a
lotof studies onpolh andp10havebeen reported, theprecisemechanisms
regulating their strong transcription remain unknown.
Homologs of Autographa californica nucleopolyhedrovirus ORF43
(Ac43) are found in all group I and most group II NPVs. Bm34, a
Bombyx mori NPV (BmNPV) homolog of Ac43, potentially encodes a
small protein, which is composed of 78 amino acid residues and shows
no homology to any known proteins. Until date, its function has not
been investigated. In this study, by constructing a Bm34 deletion
BmNPV, we examined the role of Bm34 and found that Bm34 is not
essential for virus growth both in vitro and in vivo, but it is required for
efﬁcient expression of late and very late genes, especially polh.
Results
Transcriptional analysis of Bm34
The expression of Bm34was investigated by quantitative real-time
RT-PCR (qRT-PCR) analysis at various times after BmNPV infection. As
shown in Fig. 1A, Bm34 transcript was detected from 8 h postinfection
(hpi) and continued to increase until 36 hpi. Two consensus
sequences of the baculovirus late gene promoter (TAAG) were found
in the upstream region of the Bm34 translation start codon (Fig. 1B).
The Bm34 transcription start sites were determined by 5′-rapid
ampliﬁcation of cDNA ends (5′-RACE) using a gene-speciﬁc primer.
cDNA clones were successfully isolated from total RNA at 12 or
20 hpi, but not at 4 hpi, supporting the RT-PCR result that Bm34
Fig. 1. Expression of Bm34 in BmNPV-infected BmN cells. (A) qRT-PCR analysis of Bm34.
Total RNA was prepared from BmNPV T3-infected BmN cells at 0, 4, 8, 12, 16, 24, and
36 hpi, and subjected to qRT-PCR. (B) 5′-RACE analysis. Total RNA was prepared from
T3-infected BmN cells at 4, 12, and 20 hpi, and ﬁrst-strand cDNA was synthesized.
Ampliﬁed RACE fragments were cloned into the vector and sequenced. The major
transcription start sites of Bm34 are 289 and 8 nucleotides upstream of the translation
start codon. The consensus sequences of the baculovirus late (TAAG) gene promoters
are also indicated.
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of cloned fragments revealed that the major transcription start sites of
Bm34 were 289 and 8 nucleotides upstream of the translation start
codon and located within TAAG (Fig. 1B), suggesting that it is a late
gene.
Construction of a mutant BmNPV lacking functional Bm34
To determine the role of Bm34 during viral infection in BmN cells
and B. mori larvae, we constructed a plasmid with a β-galactosidase
gene under the control of the Drosophila melanogaster heat shock
protein promoter inserted within the Bm34 coding region (Fig. 2A).
We then generated a Bm34-deﬁcient BmNPV by homologous
recombination in BmN cells. For this, the plasmid DNA was
cotransfected with wild-type BmNPV (T3) DNA into BmN cells and
the recombinant virus (BmORF34D) was isolated by identiﬁcation of
plaques expressing β-galactosidase. Disruption of Bm34 was con-
ﬁrmed by PCR (Fig. 2B). Successful isolation of BmORF34D showed
that Bm34 is not essential for virus replication in BmN cells. In
addition, a repair virus BmORF34DR, which lacked endogenous Bm34but possessed FLAG-tagged Bm34 with its endogenous promoter at
the polh locus, was generated (Fig. 2A). Genotyping of BmORF34DR
was performed by PCR with three sets of primers (Fig. 2B).
We next examined the expression and localization of the Bm34
protein in BmN cells using BmORF34DR. BmN cells were infected
with BmORF34DR, and nuclear and cytosolic fractions of infected
cells were prepared at 48 hpi. Western blot analysis with anti-FLAG
antibody showed that FLAG-tagged Bm34 was expressed in BmN
cells with a molecular mass of approximately 10.5 kDa (Fig. 2C). The
expression of Bm34 in BmN cells was detected in the nuclear, but
not in the cytosolic fraction (Fig. 2C). Furthermore, no signal was
observed with protein samples from BVs and ODVs (data not
shown). These results suggest that Bm34 is a non-structural protein,
mainly localized in the nucleus.
Effect of Bm34 deletion on BV and OB production in BmN cells
Next, we examined the effect of Bm34 deletion on BV production.
BmN cells were infected with T3, BmORF34D, and BmORF34DR at a
multiplicity of infection (MOI) of 5, and yields of BV were determined
by plaque assay. BmORF34D exhibited a slightly retarded rate of BV
production in BmN cells at 24 hpi, but the titer of BmORF34D at 48 hpi
was comparable to that of T3 or BmORF34DR (Fig. 3A). Further, we
investigated the effect of Bm34 deletion on OB production in BmN
cells, and observed that OB production was markedly reduced in
BmORF34D-infected BmN cells (Figs. 3B and C). SDS-PAGE analysis
showed that this reduction was caused by down-regulation of
polyhedrin expression (Fig. 3D). These data suggest that deletion of
Bm34 causes a slight delay in BV production and a marked reduction
in the level of polyhedrin expression in BmN cells.
Effect of Bm34 deletion on viral gene expression
We examined the effect of Bm34 deletion on viral gene expression
in BmNPV-infected BmN cells. qRT-PCR analysis showed that expres-
sion levels of ie-1 and gp64, both of which express from an early stage
of infection, were similar among T3, BmORF34D, and BmORF34DR
(Figs. 4A and B). Expression of two late genes, vp39 and v-cath, was
slightly reduced in BmORF34D-infected cells (Figs. 4C and D). We also
observed that the two very late genes, particularly polh, were
markedly down-regulated in BmORF34D-infected cells (Figs. 4E and
F), suggesting that Bm34 is required for efﬁcient levels of late and very
late gene expression during BmNPV infection.
Next, to clarify the reasons why polh is heavily down-regulated in
BmORF34D-infected cells, we investigated expression levels of fp25K
and vlf-1, which are involved in very late gene expression (Yang and
Miller,1999; Harrison et al., 1996). As shown in Figs. 5A and B, deletion
of Bm34 signiﬁcantly reduced the expression of these two genes at
12 hpi, suggesting that a marked decrease in polh and p10 might
partly result from down-regulation of fp25K and vlf-1.
Effect of Bm34 expression on promoter activities of late and very
late genes
To examine the effect of Bm34 expression on promoter activities of
late and very late genes, we performed reporter assays using plasmids
containing the promoter regions of v-cath, fp25K, vlf-1, vp39, and polh
(Fig. 6A). BmN cells were cotransfected with reporter constructs and
Bm34 expression vector (pIZ-Bm34) or empty vector (pIZ/His-V5).
Twenty-four hours after transfection, cells were infected with T3, and
luciferase activity was measured at 24 hpi. As shown in Fig. 6B,
transfection of pIZ-Bm34 did not show any changes in the promoter
activities of v-cath, vp39, and polh. On the other hand, the activities of
the fp25K and vlf-1 promoters were signiﬁcantly enhanced by the
Bm34 expression. These results suggest that Bm34 has a positive effect
on the promoter activities of fp25K and vlf-1.
Fig. 2. Construction of BmORF34D and BmORF34DR. (A) Schematic representation of BmORF34D and BmORF34DR. Scheme for construction of mutant BmNPVs is described in detail
in Materials and methods. (B) PCR analysis of the genome of T3, BmORF34D, and BmORF34DR. Each genotype was conﬁrmed by PCR using the primers EPS_F/EPS_R, Bm34F1/
Bm34R1, and Bm34F2/Bm34R1. (C) Localization of the Bm34 protein in BmNPV-infected BmN cells. BmN cells were infectedwith BmORF34DR, nuclear (N) and cytosolic (C) fractions
of infected cells were prepared at 48 hpi, and Western blot analysis was performed with anti-FLAG antibody. The gel stained with Coomassie Brilliant Blue (CBB) is shown.
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We investigated whether Bm34 deletion has an effect on the
infectivity of BmNPV in B. mori larvae. We examined BV production in
the hemolymph of 5th instar B. mori larvae injected with BVs (1×105
plaque-forming units (PFU)/larva). As shown in Fig. 7A, the BV titer in
the hemolymph of BmORF34D-infected larvae at 120 hpi was
signiﬁcantly lower than that of T3- or BmORF34DR-infected larvae. We
also found that BmORF34D infection produced much fewer OBs in the
hemolymph compared to T3 or BmORF34DR infection (Fig. 7B). These
results suggest that deletion of Bm34 results in a reduction in BV and OB
production in vivo in addition to the effect we observed for BmN cells.
To determine the median lethal dose (LD50) of BV, 5th instar larvae
were injected intrahemocoelically with various doses of BV and
monitored for mortality (Table 1). No signiﬁcant differences among
the LD50 values were observed for T3, BmORF34D, and BmORF34DR,
suggesting that the infectivity of the budded form of Bm34-deletion
mutants was normal in B. mori larvae. Next, we assessed the median
lethal time (LT50) by injecting BVs into 5th instar larvae (1×105 PFU/
larva). The LT50 of BmORF34D was found to be approximately 20 h
longer than that of T3 or BmORF34DR (Table 2). These results suggest
that Bm34 accelerates the time of death of B. mori larvae.
To determine the median lethal concentration (LC50) of OBs, 1st
instar larvae were orally infected with selected concentrations of OBsand monitored for mortality (Table 3). No signiﬁcant difference was
observed in the LC50 values among T3, BmORF34D, and BmORF34DR,
suggesting that the infectivity of the occluded form of BmORF34D is
normal in B. mori larvae. These results suggest that Bm34 is not
required for oral infection.
Discussion
Bm34, a homolog of Ac43, is conserved in all group I and most
group II NPVs. Since no sequence similarity is detected to any known
proteins, the roles of Bm34 homologs in NPV-infected cells have not
been functionally annotated. In this study, to know the function of
Bm34, we generated a Bm34-deﬁcient BmNPV and found that Bm34
is required for efﬁcient OB production in BmN cells and B. mori
larvae.
qRT-PCR experiments revealed that deletion of Bm34 affects the
expression of late and very late genes. The expression of late genes
was slightly reduced, whereas marked down-regulation was ob-
served in polh expression (Fig. 4). Plaque assays showed that BV
production in BmN cells and B. mori larvae infected with BmORF34D
was slightly lower than that observed in T3 infection (Figs. 3A and
7A). We also found that the LT50 of BmORF34D was approximately
20 h longer than that of T3 or BmORF34DR by injecting BVs into 5th
instar larvae (Table 2). These defects might be due to a trans-
Fig. 3. Effect of Bm34 deletion on BV or OB production in BmN cells. (A) BV production. BmN cells were infected with T3, BmORF34D, and BmORF34DR at an MOI of 5. BV titers were
determined by plaque assay. Data shown are mean±SD (n=3). ⁎, Pb0.05 versus T3. (B) Light microscopic observations of BmNPV-infected BmN cells at 72 hpi. (C) OB production.
BmNPV-infected BmN cells at 72 hpi were gently scraped with a rubber policeman and total OB production was measured. Data shown are mean±SD (n=3). ⁎, Pb0.05 versus T3.
(D) Polyhedrin expression. SDS-PAGE analysis of BmNPV-infected BmN cells at 72 hpi was performed. The gel stained with CBB is shown.
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as vp39 (Fig. 4).
We showed that deletion of Bm34 signiﬁcantly reduced the
transcription of two polh transcriptional regulators vlf-1 and fp25K
(Fig. 5). VLF-1 was originally identiﬁed from a temperature-sensitive
AcMNPV mutant defective in OB formation and subsequently shown
to serve as a transcriptional activator by stimulating the expression
of the two very late genes, p10 and polh. Similarly, fp25K was
identiﬁed as a gene responsible for few polyhedra (FP) mutants that
produce fewer OBs in the nuclei of infected cells (Beames and
Summers, 1989). FP25K plays many roles including production of
OBs and BVs, oral infection, and post-mortem host degradation(Harrison and Summers, 1995; Katsuma et al., 1999). Rescue
experiments have conﬁrmed that these phenotypes are related
solely to the functional disruption of fp25K (Harrison and Summers,
1995). Interestingly, unlike VLF-1, FP25K has been shown to regulate
the transcriptional level of polh, but not p10 (Harrison et al., 1996).
The difference observed in transcriptional repression of polh and
p10 might result from the different mechanisms of very late gene
regulation by VLF-1 and FP25K.
Western blot analysis revealed that Bm34 is mainly localized in the
nucleus (Fig. 2C) and is not a component of BVs and ODVs (data not
shown). In addition, qRT-PCR experiments showed that Bm34 is
involved in viral gene expression. Taken together, these results
Fig. 4. Viral gene expression in T3-, BmORF34D-, and BmORF34DR-infected BmN cells. BmN cells were infected with T3, BmORF34D, and BmORF34DR at an MOI of 5. Total RNAwas
reverse-transcribed, and real-time PCR of BmNPV ie-1 (A), gp64 (B), vp39 (C), v-cath (D), polh (E), and p10 (F) was performed. Data shown are mean±SD (n=3).
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baculovirus late genes. To elucidate this, we performed reporter assays
using a ﬁreﬂy luciferase gene driven by various viral promoters. As
shown in Fig. 6, introduction of Bm34 enhanced the promoter acti-
vities of fp25K and vlf-1, but not v-cath, vp39, and polh. Furthermore,
we examined the expression levels of fp25K and vlf-1 in BmN cells
infectedwith amutant Bm34_EPS, which expresses an additional copy
of Bm34 driven by its endogenous promoter (see Materials and
methods). qRT-PCR experiments clearly showed that the expression
levels of fp25K and vlf-1were signiﬁcantly enhanced at 12 hpi, but not
at 24 hpi, in Bm34_EPS-infected cells compared with those in T3-
infected cells (data not shown). Taken together with these results,
although Bm34 has a global effect on late gene expression during
BmNPV infection, fp25K and vlf-1 are major target genes of Bm34.
In the present study, we showed that Bm34 is a novel gene
required for efﬁcient expression of late and very late genes and
production of OBs. Also, we revealed that Bm34 plays an important
role in the transcription of vlf-1 and fp25K, and indirectly controls
polh expression. By exploring the molecular mechanisms by which
Bm34 enhances the polh transcription, we will develop a novel BEVS
with a modiﬁed polh regulation.
Materials and methods
Insects, cells, and viruses
B. mori larvae (F1 hybrid Kinshu×Showa)were reared as described
previously (Katsuma et al., 2006). The BmN cell line was maintainedin TC-100 medium with 10% fetal bovine serum as described by
Katsuma et al. (2006). The BmNPV T3 (Gomi et al., 1999) isolate was
propagated in BmN cells. Virus titers were determined by plaque assay
as described previously (Katsuma et al., 2006). BmN cells were
infected with BmNPVs at an MOI of 5.
Construction of the Bm34 deletion mutant by inserting a β-galactosidase
gene cassette
To construct a plasmid for the deletion of Bm34, a 3.4-kb fragment
(nt 29821–33229; GenBank Acc. no. L33180) was puriﬁed from the
BmNPV T3 genomic clone (Maeda and Majima, 1990) and inserted into
pTZ19R. The plasmid was then digested with EagI, and ligated to a
β-galactosidase gene cassette containing D. melanogaster heat shock
protein promoter (hsp70-LacZ cassette: Kamita et al., 1993). The
resultant plasmid (LacZ/Bm34) was cotransfected with wild-type (T3)
BmNPV DNA into BmN cells using Cellfectin (Invitrogen). A Bm34
deletion BmNPV (BmORF34D) was isolated by identiﬁcation of plaques
expressingβ-galactosidase (Katsumaet al., 2006). Deletion ofBm34was
conﬁrmed by PCR using the primers shown in Supplementary Table 1.
Construction of a repair BmNPV expressing FLAG-tagged Bm34
To generate a repair BmNPV expressing FLAG-tagged Bm34, we
ampliﬁed a FLAG-tagged Bm34 fragment with its endogenous
promoter region by PCR using the primers shown in Supplementary
Table 1 and inserted it into the transfer vector pBmEPS1 (Kang et al.,
1998). The transfer plasmid was cotransfected with Bsu36I-digested
Fig. 5. Expression of fp25K and vlf-1 in T3-, BmORF34D-, and BmORF34DR-infected
BmN cells. BmN cells were infected with T3, BmORF34D, and BmORF34DR at an MOI of
5. Total RNA was reverse-transcribed, and real-time PCR of BmNPV fp25K (A) and vlf-1
(B) was performed. Data shown are mean±SD (n=3). ⁎, Expression levels in
BmORF34D-infected cells were signiﬁcantly lower than those in T3-infected cells
(Pb0.05).
Fig. 6. Effect of Bm34 expression on promoter activities of late and very late genes. (A) Schem
gene promoter (TAAG). (B) Reporter assay. BmN cells were transfected with 1 μg of reporter c
RL for an internal control. Twenty-four hours after transfection, cells were infected with T3 a
luciferase activity. ⁎Pb0.05.
Fig. 7. Effect of Bm34 deletion on BV or OB production in B. mori larvae. Fifth instar B.
mori larvae were injected with BVs (1×105 PFU) of T3, BmORF34D, and BmORF34DR.
The hemolymph was collected at 120 hpi and BV titers were examined by plaque assay
(A). Released OBs in the hemolymphwere counted using a hemocytometer. Data shown
are mean±SD (n=4). ⁎, Pb0.05 versus T3.
235S. Katsuma, T. Shimada / Virology 392 (2009) 230–237BmNPV-abb genomic DNA into BmN cells using Cellfectin (Invitrogen)
(Katsuma et al., 2004). A BmNPV expressing FLAG-tagged Bm34
(Bm34_EPS) was isolated by identiﬁcation of plaques that produced
OBs. To disrupt an endogenous Bm34 from the Bm34_EPS genome,
LacZ/Bm34was cotransfectedwith Bm34_EPS genomic DNA into BmN
cells using Cellfectin (Invitrogen). A LacZ insertional mutant at anatic diagram of promoter constructs used. The vertical lines indicate the motif of the late
onstructs, 1 μg of Bm34 expression vector or empty pIZ/His-V5 vector, and 0.5 μg of pIZ-
t an MOI of 5. At 24 hpi, luciferase activity was measured and normalized to the Renilla
Table 1
Dose-mortality of BmNPV T3, BmORF34D, and BmORF34DR in B. mori larvae.
B. mori and viruses LD50 (PFU) 95% Fiducial limit
Lower Upper
5th instar BV (PFU/larva)
BmNPV T3 1.9×10−1 1.3×10−1 2.6×10−1
BmORF34D 2.0×10−1 1.4×10−1 2.9×10−1
BmORF34DR 1.5×10−1 9.9×10−2 2.2×10−1
Table 3
Dose-mortality of OBs of BmNPV T3, BmORF34D, and BmORF34DR in B. mori larvae.
B. mori and viruses LC50 (OBs) 95% Fiducial limit
Lower Upper
1st instar OB (OBs/ml)
BmNPV T3 2.0×104 1.6×104 2.5×104
BmORF34D 2.3×104 1.6×104 2.9×104
BmORF34DR 2.1×104 1.6×104 2.7×104
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identiﬁcation of plaques expressing β-galactosidase (Katsuma et al.,
2006). Deletion of an endogenous Bm34 was conﬁrmed by PCR using
the primers shown in Supplementary Table 1. Expression of FLAG-
tagged Bm34 was conﬁrmed by Western blot analysis with anti-FLAG
antibody (Sigma).
Assays for BV production
To determine virus growth curves, BmN cells were infected with
BmNPV T3, BmORF34D and BmORF34DR at an MOI of 5. Following
incubation for 1 h, the virus-containing culture mediumwas removed
and fresh mediumwas added after washing it two times with serum-
free TC-100 medium (0 hpi). A small amount of culture medium was
harvested at speciﬁc time points. BV production was determined by
plaque assay.
Western blotting
BmN cells were infected with BmORF34DR at an MOI of 5 and
harvested at 48 hpi. Biochemical fractionation of BmN cells was
performed as described previously (Jarvis et al., 1991). The prepara-
tion of BVs and ODVs was reported previously (Iwanaga et al., 2002).
SDS-PAGE and Western blotting were performed using anti-FLAG
antibody (Sigma) as described previously (Katsuma et al., 2007).
RT-PCR
BmN cells were infected with BmNPVs at an MOI of 5. Following
incubation for 1 h, the virus-containing culture medium was removed
and fresh medium was added after washing it two times with serum-
free TC-100 medium (0 hpi). Infected cells were harvested at 0, 4, 8, 12,
16, 24, and 36 hpi. Total RNAwas reverse-transcribed, diluted, and used
for PCR as described elsewhere (Katsuma et al., 2008). The primers for
PCR are shown in Supplementary Table 1. Real-time PCR experiments
were performed as described previously (Katsuma et al., 2008).
5′-RACE
We performed 5′-RACE analysis to determine the transcriptional
start sites of Bm34 using a GeneRacer kit (Invitrogen) as described
previously (Katsuma et al., 2008). Total RNA was isolated with Tri-
zol reagent (Invitrogen) from BmNPV-infected BmN cells at 4, 12 or
20 hpi, and ﬁrst-strand cDNA was synthesized from 5 μg of total RNA.
Ampliﬁed RACE fragments were cloned into pGEM-T Easy VectorTable 2
Time-mortality of BmNPV T3, BmORF34D, and BmORF34DR in B. mori larvae.




T3 (wild-type) 133.5 2.6 132.4 134.6
BmORF34D 152.7 4.9 150.5 154.9
BmORF34DR 133.2 5.0 131.0 135.4(Promega), and DNA sequences were determined using an ABI Prism
3100 DNA sequencer (Applied Biosystems).
Luciferase reporter assay
DNA fragments containing promoter regions of vp39, v-cath, fp25K,
vlf-1, and polh were ampliﬁed by PCR using primers listed in
Supplementary Table 1 and subcloned into pGL3-Basic Vector (Pro-
mega). A Bm34-expressing plasmid, Bm34-pIZ, was generated by
cloning into pIZ/V5-His (Invitrogen). Renilla luciferase gene was
ampliﬁed from pRL-TK vector (Promega) and subcloned into pIZ/His-
V5 vector (Invitrogen). This plasmid, pIZ-RL, was used as an internal
control.
Luciferase reporter assay was carried out using Dual-Glo Luciferase
Assay System (Promega) as described previously (Katsuma et al. 2005).
In brief, BmN cells were grown in 35 mm dishes and transfected using
Cellfection II (Invitrogen)with 1 μg of reporter constructs,1 μg of Bm34-
PiZ or empty pIZ/His-V5 vector, and 0.5 μg of pIZ-RL for an internal
control. Twenty-four hours after transfection, cells were infected with
T3 at anMOI of 5. At 24 hpi, luciferase activity wasmeasured. The ﬁreﬂy
luciferase activity was normalized to the Renilla luciferase activity.
Larval bioassays
The LD50 of BV was determined in 5th instar larvae by intra-
hemocoelic injection with different doses of BV diluted in TC-100
medium. The LC50 of OB was determined in 1st instar larvae by feeding
them different concentrations of OBs diluted in distilled water. The LT50
was determined either by intrahemocoelic injection into 5th instar
larvaewith BVs. B.mori larvaewere intrahemocoelically inoculatedwith
BV within 12 h after molting to the 5th instar. To determine the LC50 of
OBs, larvae were orally inoculated within 5 h after molting to the 1st
instar. OBs were produced in 5th instar B. mori larvae, puriﬁed by
centrifugation, and resuspended in double-distilled H2O. Puriﬁed OBs
were diluted in double-distilled H2O and quantiﬁed using a hemocyt-
ometer. First instar larvae (within 5 h after molting) were orally
inoculatedbyexposing them to a960-mm2area of artiﬁcial diet thatwas
surface-contaminatedwithOBs (Katsumaet al., 2008). At least 20 larvae
per dose were used in each of the experiments. Virus titers in
hemolymph of infected larvae were examined by plaque assay.
OB production in B. mori larvae and BmN cells
Fifth instar B. mori larvae were starved for several hours, then
injected with 50 μl of a viral suspension containing 1×105 PFU, and
returned to the artiﬁcial diet at 27 °C. At 120 hpi, the hemolymph of
infected larvaewas collected and the released OBs were counted using
a hemocytometer as described previously (Katsuma et al., 2009). BmN
cells infected with T3 or recombinant BmNPVs at 72 hpi were gently
scraped with a rubber policeman, and total OB production was
measured as described previously (Katsuma et al., 2009).
Statistic analysis
Statistic analysis was performed using the Student's t test. P value
of b0.05 was considered statistically signiﬁcant.
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